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 With a changing energy market and increasing renewable energy ideals, biogas 
regeneration could rapidly increase to cut costs and increase efficiently. Lincoln, Nebraska could 
be a prime location for a business to start producing biogas from food waste around the city and 
sell the resultant product. Through the process of anaerobic digestion, food waste is broken down 
and turning into methane gas which then can be used to heat homes, power cars or be converted 
to electricity. For the government of Lincoln, they are trying to find a way to cut cost and 
prolong the Bluff Road landfill and this is an opportunity to break into a new market that is 
virtually untapped in the United States. Through interviews, interpretation of data created by the 
city of Lincoln and costs to create a large scale anaerobic digester system. I then found the rate to 
convert this gas product to electricity and a price that I could sell it for. Thus, creating a business 
that could exist in Lincoln.  
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Introduction 
The Bluff Road landfill is not going to last forever in Lincoln and the next one is already 
being planned for completion in 2040 (Solid Waste Plan 2040). The question posed is whether, 
for a medium sized town like Lincoln, if a company like this can exist, profit and benefit the 
area. Anaerobic digestion is the process that produces biogas (mainly methane and carbon 
dioxide) from organic waste (Sethi, P 2016). Methane is the predominant molecule in natural 
gas. Biogas has many potential uses including electricity production, steam or heat production or 
once scrubbed of the carbon dioxide and other impurities have been removed, biogas can be used 
to power their trucks and building as well as being put into the natural gas pipeline for sales to 
others. Another benefit is the fact that less waste will be going to the landfill. In Lincoln, all the 
food waste goes into the Bluff Road landfill. Lincoln has never had this type of energy 
production available from within the city. Ensuring all citizens are informed about the process of 
anaerobic digestion will help this form of energy production become a widely-accepted idea. 
Waste food is an excellent feedstock for anaerobic digestion systems. All food can be used i.e. 
egg shells, paper, meat, cheese, etc.  
 This is important because when energy prices spike again, like everyone is predicting, 
people will want a cheaper alternative fuel rather than the usual energy sources (Levis 2010). 
With the recent advances in the type of drilling for oil and natural gas, both sources of fossil 
fuels are abundantly available but this low is only temporary and it is our duty to find a new way 
to produce alternative fuels to extend or replace oil and natural gas. Anaerobic digestion can be 
that alternative because every single person in the United States produces food waste. Americans 
waste about 27% of all edible food (Fessler 2010). There is an issue with the amount of space 
left in landfills across the nation, it is necessary to find some way to reduce the amount of trash 
or garbage going into landfills (Pham 2015). It is essential going towards the future to find ways 
to reduce the amount of waste that is doing nothing to benefit a society that is producing more 
waste than any other point in history (Pham 2015). 
About 2% of the U.S. energy budget could be recovered from food waste. That doesn’t 
seem like much, but 16% of the U.S. energy budget is used for food production, so this would 
serve to recapture 12.5% of energy used in producing food (Bomford 2010). Every Calorie we 
eat requires 7-10 Calories of fossil fuel energy, so as far as food production is concerned, it is 
about a 10-14% efficient. Food continues to use energy throughout the process when the average 
plate in America has food which has traveled over 1000 miles (Bomford 2010). 
Food waste is converted into biogas by microorganisms.  At Hamilton, Ontario’s 
wastewater treatment facility, biogas generation rates were based on 0.6 m3 of biogas generated 
for each kg of volatile solids (VS) destroyed in digestion. The volatile solids include any organic 
material that is going to be converted into the gases (Thorson 2015).  In an experiment ran using 
only bananas, they found that 1 m3/ton per day (fresh mass) of banana waste can be converted 
into 4.5 kWh per day (Khan 2016). This is food, instead of being thrown into a landfill, is being 
used to make energy. Per the United States Energy Information Administration, burning coal 
produces 228.6 pounds of CO2 per million- BTUs while natural gas produces 117 pounds of CO2 
(EIA 2016).   
A bio-methane grid is a part of the energy grid that uses renewable natural gas pumped 
into various needs for gas like heating homes, powering factories or transportation. Premier 
believes that if we stand up a bio-methane grid that it will last 50 years (Premier 2013). This is 
also going along with how the entire world is in a period of decarbonization when it comes to 
energy off-shoots, as stated earlier natural gas produced very little compared to other fossil 
energy means (Premier 2013). With new fuel cells now being able to use methane as fuel, natural 
gas is becoming essential as a means of energy production (Premier 2013).  For a grid to be built, 
there must be economic policy put in place. Wisconsin recognized renewable natural gas is 
indistinguishable from traditional natural gas, and began to count it as a renewable energy source 
without having to build a new facility (Talgia 2011).  Another way to integrate this new grid 
within the original grid is combining sewage waste with the food waste. It has shown that co-
digestion of food waste and municipal waste helps to improve the biogas yield up to 40–50% 
compared to the digestion of food waste alone (Pham 2015).  
This topic connects to many other areas of Lincoln. Biogas has the potential to be the 
alternative to the landfill when it comes to food waste. Not only can this assist the community by 
lower dumping cost but if the spike in energy prices does come soon, this renewable natural gas 
that is being put into the pipeline can offset the price and keep them low. This can be at most 
beneficial in the winter months when the entire city will need the heat and cost of natural gas 
tend to increase. Having a private company handle something like this instead of the city can be 
better as well. The city however is not dedicated do converting into a renewable energy grid. 
They are required to have a methane capture service at the landfill but it has been found that it is 
not in any way efficient when it comes to capturing the most amount of gas produced due to the 
landfill being basically an open pit.  
Methods 
 Methods to conduct this feasibility study include interviews, feedstock estimates, 
production estimates and an economic evaluation. First I will be interviewing a select few of 
people around the city of Lincoln, Nebraska. On the list is a representative from the Bluff Road 
facility about their operation. This will include if they are measuring, how much food comes into 
the dump from the food industry or residential area in tonnages, if at all any other organic 
producing entities of the city to include if they handle waste oil, the facilities current methane 
capture system and if they are willing to tell me the efficiency of the system or what they do with 
the methane captured. I will get in contact with representatives from a selection of food 
processing companies in Lincoln to discuss their organic waste produced in tonnage, cost of 
dumping in the Bluff Road facility each week, and their thoughts on converting food waste into 
renewable methane gas.  
Next I will look at the economic pricing for building a digester. This will include the 
price of all the anaerobic digesters, hauling fees, instillation fees and any other cost associated. I 
will compile these into one number set at an arbitrary amount. When the price is found for 
operating the anaerobic digester system, I will scale the amount up to what is needed for Lincoln. 
Next I will set the price to be able to put waste into my system using in the city of Lincoln’s 
prices for the year 2017. After I set the amount that is needed to set up the system, I will use the 
typical yield found converting food waste into biogas, which is 0.6 m3/kg, set that for the year 
and  
To find out the profitability of large scale anaerobic digestion system in Lincoln, there 
are a few things that the business must be able to do. The first item on the list is that the 
anaerobic system must be able to handle at least the amount of food waste produced by the city, 
this is the only way that Lincoln will award a city-wide contract to a private organization. It 
would be ideal that the system would be able to take more than what is being currently produced 
by Lincoln due to the economic growth that Lincoln is going through. The company will also be 
able to sell the biogas produced back to the city natural gas injection, electricity or powering 
vehicles through the natural gas. For this project, I assumed that these items can be done. I did 
not factor in what the cost of purchasing the land was.  
Results 
 I started by speaking to a representative from the Bluff Road landfill named Karla 
Welding who is the in charge of the Solid Waste Operations of Bluff Road landfill. In the 40-
minute interview, we discussed a wide variety of topics that are faced today and in the future for 
not only food waste but the disposal of all waste in the city of Lincoln. Currently there are 40 
principle haulers that are licensed to dump into the landfill. Currently the fee to dump municipal 
solid waste i.e. food waste is $20.75 per ton (Solid Waste Rates, 2017). Shown by the graph 
below, this is a breakdown of the Landfill according to the last report done by officials: 
 
http://lincoln.ne.gov/city/pworks/solid-waste/docs/pdf/ndeq-waste-char.pdf  
This shows that food waste makes up 16% of the landfill currently which is about 50,000 
tons a year (Solid Waste Characteristic, 2009). If we do the math with the most recent prices the 
total cost per year when it comes to dumping food into Bluff Road it comes out to about 
$1,037,500 a year. The city of Lincoln is also beginning to ban items from the landfill like 
cardboard, projected in the year 2018 with newsprint the year after that and paperboard the 
following year. It is likely according to the city that the percentage of food waste will increase so 
the city has a desire to have a private owned way of dealing with the food waste in a productive 
way.  
Looking at research done by Marc Rogoff and Bruce Clarke, in which they showed the 
potential amount of cost and sizes needed to run a typical dry anaerobic digester in the United 
States by looking at the SCS engineers set up: 
Item Cost ($) 
Digester Components (Leachate collection slab, gas collection bag, heating elements, gas piping, etc.) 1,000,000 
Building Superstructure  575,000 
Engine Generator Set 200,000 
Improved Base for Foundation  200,000 
Mixing Platform 100,000 
Biofilters 100,000 
Food Storage Pad 50,000 
Electrical Interconnection 75,000 
Design, permitting Support and Fees 50,000 
Contingency  100,000 
Total: 2,450,000 
http://www.marathonequipment.com/news/2014/08/anaerobic-digestion-what-are-economics 
This total price of $2,450,000 for only 5,000 annual tons of food waste generated. So, for 
Lincoln we are looking at a price of $25,000,000 just for building the system in the first place. If 
we are to assume that the system constantly able to produce the 0.6 m3/kg of biogas for the entire 
year. Converting this to m3/ton, we get it to about 600 m3 per ton of volatile solids. For a year’s 
worth of production, we get around 3.0x106 m3 of biogas. Using the conversion rate to electricity 
from the Khan study of m3 to kilowatts per hour, which is about 4.5 kWh. For the year, the 
digesters get 1.35x108kWh. The current price for electricity in Nebraska is about 9 cents per 
kWh (Annual Electricity Prices, 2017) and for the year, we are expecting to get a return of 
$1,215,000 a year. The 9-cent amount is understood as the retail price, which LES has done that 
before but is not expected to fully pay that amount for the volumes of gas that we are producing. 
For this project, any amount from 5-cents to 9-cents could be expected.  
 Combining the dumping fee and the electricity returns, we are expected to get a total of 
$2,252,500 a year for a profit margin. When setting this next to the initial price of the digester of 
$25,000,000 we can find the time it would take to pay off the entire system and start to make a 
profit. This table below shows the amount of time that would take to pay off the system and what 
a 25-year outlook would be with a 3% discount rate:  
Year  Investment  Annual Income  IRR 
0 (25,000,000.00) -$25,000,000.00   
1 (22,724,975.00) $2,275,025.00 -90.9% 
2 (20,449,950.00) $2,297,775.25   
3 (18,152,174.75) $2,320,753.00   
4 (15,831,421.75) $2,343,960.53   
5 (13,487,461.21) $2,367,400.14   
6 (11,120,061.08) $2,391,074.14   
7 (8,728,986.94) $2,414,984.88   
8 (6,314,002.06) $2,439,134.73   
9 (3,874,867.33) $2,463,526.08   
10 (1,411,341.25) $2,488,161.34 -0.9% 
11 1,076,820.09  $2,513,042.95   
12 3,589,863.04  $2,538,173.38   
13 6,128,036.42  $2,563,555.11   
14 8,691,591.53  $2,589,190.67   
15 11,280,782.20  $2,615,082.57 5.1% 
16 13,895,864.77  $2,641,233.40   
17 16,537,098.17  $2,667,645.73   
18 19,204,743.90  $2,694,322.19   
19 21,899,066.09  $2,721,265.41   
20 24,620,331.50  $2,748,478.06 7.5% 
21 27,368,809.56  $2,775,962.85   
22 30,144,772.41  $2,803,722.47   
23 32,948,494.88  $2,831,759.70   
24 35,780,254.58  $2,860,077.30   
25 38,640,331.88  $2,888,678.07 8.6% 
26 41,529,009.95  $2,917,564.85   
27 44,446,574.80  $2,946,740.50   
28 47,393,315.29  $2,976,207.90   
29 50,369,523.20  $3,005,969.98   
30 53,375,493.18  $3,036,029.68 9.2% 
 
The initial investment is denoted and is at $25,000,000. The row next to investment is the annual 
income that can be made and is at $2,252,500. It is seen that the investment decreases each year 
due to the money being made. That column will be red to denote till the investment is paid off 
and will be black to show profit. The last column is the IRR, stands for Internal Rate of Return, 
this percentage shows the profitability of the project set next to the discount rate. The goal is to 
have a IRR better than the discount rate given, which is seen in year 15 of the project. In year 25, 
the project is anticipated to be at a roaring success with having a total amount of profit of 
$31,312,500 and an IRR of 7.5%.  
Discussion 
 The city government wants a project like this but only if the project can take all the food 
waste instead of just part of it. This zone of business does have the potential to be a very 
profitable area to go into but my project was in a very ideal world, not really accounting for the 
time to get everything built, ran and functional. I also did not include interest rates for a lot of 
either the equipment or land that maybe needed to get the digesters off the ground. Since the real 
world is very different, you should expect a longer time to pay off instead of the short time that 
was listed here and that is if everything goes alright. There are many grants that can be used to 
cover some of the initial cost but not the entirety and $25 million is a lot, but as we have seen per 
year just for dumping fees it is about $1.5 million and profit made for production of biogas 
electricity at $1.215 million.  
 There is very little information available on what food waste comes to the Bluff road 
landfill due to many different haulers that drop there. Any waste characterization studies that was 
done by the city does not break down where the waste comes from. To find this information, one 
would have to go to the city haulers and ask for their data which could prove difficult.  
 State and federal energy policies promoting renewable energy may impact future 
developments of this sort. Possible policy changes which may improve the feasibility of 
anaerobic digestion systems could be: 
• State or federal renewable portfolio standard  
• Support for Natural Gas transportation fuels  
• Support for reducing food waste  
• Increasing fossil fuel prices  
Conclusion  
 Anaerobic digestion is already very popular in Europe and many people expect to see an 
increase in the United States due to limited spaces left for landfills to be built and with the 
uncertain future for fossil fuels. For Lincoln, with the new Bluff Road landfill expected to be 
open around 2032 and with the cities future bans coming, food waste can be expected to be down 
the road to make the new landfill last longer than the current one.  If someone were to secure the 
funding for a large scale anaerobic digestion system, profits can be expected to see in about 10 to 
11 years depending on how well the system is maintained. To make improvement on the project, 
I would suggest going to find out how someone would go about finding the money to build the 
digester system as well as finding where to locate the digester in the city.  
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